Abstract-The aim of this work is to automatically extract Cystic Masses from Ultrasound Phantom images and improve the efficiency of interpretation using Computer-Aided Detection. To make it a general algorithm, 6 most popular ultrasound machines were selected and following parameters were swept: modes of operation, transducer, frequency and contrast, while making phantom images. Ultrasound images were acquired using a quality multi tissue Ultrasound Phantom in B-Mode. Gamma corrections, contrast stretching, filtering and morphological Image Processing were among the steps that were applied to find the output image. Two experienced radiologists marked final images. Statistical analysis of results showed a sensitivity of 99% and accuracy of 98% for proposed framework. As a side result based on the actual depth of each image, processing time were also decreased.
INTRODUCTION
Breast cancer is the second leading cause of death for women all over the world. Since the cause of the disease remains unknown, early detection and diagnosis is the key for breast cancer control, and it can increase the success of treatment, save lives and reduce cost. [1] Screening for breast cancer can be defined as the evaluation of a population of asymptomatic women, who have no overt signs or symptoms of breast cancer, in an effort to detect unsuspected disease earlier in its growth than without the application of the screening test. It is implied that this can happen at a time when cure is still possible.
The primary reason for medical imaging of the breast is to screen for cancer. The principal benefit of screening is the potential to prevent the premature and often prolonged, painful death of the individual. [2] In general, pathologists classify breast lesions according to the microscopic architecture and cytologic features of the cells that compose the lesions. Breast cysts are accumulations of fluid in the breast. Cysts are noncancerous and they typically present in the form of smooth, rounded lumps. Although they appear deep within the breast tissues, cysts are often moveable within the breast.
Cysts are usually confirmed with mammography and ultrasound (sonogram). In particular, ultrasound is excellent at quickly identifying whether a breast abnormality is in fact a cyst or a solid mass. [3] Cysts are often differentiated by size and number. Sonographically, the simple cyst, has the following characteristics: Round or oval shape, anechoic, smooth and well-defined borders, posterior acoustic enhancement, a signal which will depend on the characteristics of the cyst (size and type), the glandular tissues, and the incidence angle of the ultrasound beam and lateral acoustic shadow.
Ultrasound imaging is one of the most frequently used diagnosis tools to detect and classify abnormalities of the breast. Sometimes as a second procedure after popular breast screening method such as Mammography, it is suggested to follow up patient's history of seen masses. Sometimes it's the only and the best way of looking into lesions for example in heavy dense breast tissues. Besides, it has some advantages over other modalities. From instrument cost view, an ultrasound machine (conventional one) is a lot less expensive than other modalities instruments.
It is important to note that the use of ultrasonography has changed dramatically throughout the past decade. Improvements in high frequency hand-held transducers, realtime imaging, and reliable portable computer imaging with increased resolution have enhanced the quality and increased the indications for its use [4] .
These days an ultrasound phantom, which has ultrasound wave velocities, attenuation coefficients and scattering coefficients that closely mimic those of the human tissue and permit diagnostic ultrasound equipment to be accurately tested and calibrated on a continuing day-to-day basis, is provided [5] .
Using an Ultrasound Phantom in conjunction with a Computer Aided Detection (CAD) system, which is defined as a combination of image-processing techniques and intelligent methods that can be used to enhance the medical interpretation process can make better results in the development of more efficient diagnosis. The computer outcome assists radiologists in image analysis and diagnostic decision making. In addition, a CAD system could direct a radiologist's attention to regions where the probability of an indication of disease is greatest. A CAD system provides reproducible and quite realistic outcomes [6, 7] .
II. BACKGROUND
Medical image acquired in most radiological applications are visually examined by a physician [8] . The purpose of image enhancement method is to process an acquired image for a better contrast and a visibility of the features of interest for visual examination, as well as for subsequent computeraided analysis and diagnosis. Muraki and Kita showed the importance of image processing and computer graphics in medicine [9] . For basic techniques in image analysis, they insisted on resolution conversion and digital signal processing, distance transform and shape processing, and data-driven image processing. Wang, Chen, and Shen introduced a Fast Histogram Equalization for Medical Image Enhancement in their paper [10] . Sevensson carried out a survey to review on the status of breast ultrasound among different imaging modalities [11] . Here are the summaries of his review. The well-defined breast anatomy with high frequency probes was achieved. The category of benign and malignant breast lesion was typically defined based on the reviewed articles. It is also the most suitable modality in pregnancy and lactation. It is a complementary imaging technique to mammography, magnetic resonance and nuclear medicine. Based on his works, the importance of breast ultrasound among other breast imaging modalities was stated.
Satake et al. worked on a study to assess the role of ultrasound in detecting intraductal spread of breast cancer in comparison to mammography and magnetic resonance [12] . Based on this finding, it was concluded that ultrasound had a tendency to underestimate intraductal component of comedo type as compared to mammography and MRI. Massengale and Brem explained the role of ultrasound in detecting breast disease [13] . Based on their reviews, the use of ultrasound was indicated for any mammographically detected or clinically palpable mass. Liu, Huo, and Zhang worked on the automated segmentation of the breast lesions in ultrasound images [14] . It is worth highlighting that their limitations in doing segmentation came from the prior knowledge that the lesions tended to be located around the centre of images. For this reason, they just located the mass in the centre of the image and if the mass was shifted from centre, their algorithm could not apply.
III. METHODOLOGY
In order to generalize the current work, six different types of ultrasound machines were used. Images from different manufacturers having different features and benefits were captured using the introduced ultrasound phantom. As shown in Fig. 1 , there are different specifications and measurements for such a phantom to calibrate an ultrasound machine. In this case, however, a fixed and calibrated machine was utilized to get the different shots. Apart from all the parameters shown in the Fig. 1 , the following criteria were concentrated on each machine. The parameters that were taken into consideration include frequency, contrast, transducers and modes of operation.
To improve the interpretation of the results, a multipurpose multi-tissue breast phantom was used to capture all the combinations of the possible functions in B-Mode. It contains dense and cystic masses in a range of sizes, one high-density target, and an assortment of nylon monofilament target groups. It was specifically designed to allow for assessments of linearity, axial and lateral resolution, depth calibration, dead-zone measurement, and registration within two different backgrounds of .5 and .7 dB/cm/MHz [15] . B-mode ultrasound (Brightness-mode) is the display of a 2D-map of B-mode data, currently the most common form of ultrasound imaging. In B-mode ultrasound, a linear array of transducers simultaneously scans a plane through the body that can be viewed as a two-dimensional image on screen. This mode commonly used by radiologists for breast screening.
Each ultrasound machine has a set of different transducers that are applicable to various fields of screening. For each machine, only the linear probes were tested because these probes are applicable for breast. There are two or three types of linear probes based on the desired frequency and level of beam penetration. The two or three types of linear probes covered frequency range. These are low frequency, medium frequency and high frequency probes.
Contrast is rarely named directly in ultrasound machines. Most manufacturers apply different variables instead of contrast. To have a complete set of the images, the steps for contrast or dynamic range were changed based on the modes of operation. The visibility (resolution) was changed upon any change in this parameter.
For all machines, images were captured in all available modes of operations but Basic or Fundamental mode was selected as image sources of this study. Other images related to enhanced modes of operation in these machines were used for enhancing Basic mode images. Although Digital Imaging and Communications in Medicine (DICOM) is a default format for output files, but other popular image file formats such as Joint Photographic Experts Group (JPG) can be used as input file format. Standardization of start point for preprocessing is one of the goals of this research. In this way all captured images were analysed and preset to a default level.
Starting with the lowest frequency and contrast, a region of interest (ROI) in background was selected and its specifications were collected and saved in a table. For each unidentified input image ROI was selected and specifications were acquired as sample images. Then comparing each image with the best one, a table of difference for each machine setting would be found. For an unidentified ultrasound image, ROI must be selected, and its specification should be compared with data stored in table making the best result. These data then applied to original image and Mean Square Error (MSE) was used to maximize their similarities. MATLAB image processing tool box and applied factors such as Signal to Noise Ratio (SNR), Peak Signal to Noise Ratio (PSNR) and MSE parameter was used to check the output image. Resolution of input images depends to machines capabilities. As this work focused on B-Mode Ultrasound an eight bit grey scale was selected for each pixel.
Second stage is Histogram equalization that is a widely used technique for image enhancement [10] . It is the basis for numerous spatial domain processing techniques. Previous works showed that Median filters are quite popular because they provide excellent noise-reduction capabilities for certain types of random noise, with considerably less blurring than the linear smoothing filters of similar size [16] . This step is meant to improve the contrast level of the input images. Contrast enhancement is one of the most important problems in both digital and analogue image processing [11] .
When the focus is on image pre-processing, one of the aspects is image filtering. An image is a discrete signal (digitized). As a discrete signal, digital filters may be used to reshape the spectrum of the input signal in order to produce the spectral characteristics desired in the output signal [17] . There are two types of such filters; the Finiteduration Impulse Response filter (FIR) and the Infiniteduration Impulse Response filter (IIR). As the low pass and high pass filters are used in sequence, carrying out the work using a band pass filter seemed to be a good idea. It would be straight forward and done in one step. Then a band pass filter was applied to continue the current work. In the context of this study, the FIR filter was used. There are different types of Band Pass FIR filters but for this study window filters were selected. The basic idea behind the window design is to choose a proper ideal frequency selective filter (which always has a no-causal, infiniteduration impulse response) and then truncate (or window) its impulse response to obtain a linear-phase and causal FIR filter.
For each ultrasound image, a set of data that should be put on the corresponding filter was found to produce the best output at this stage. A lookup table was then provided for all the images. This LUT was programmed in the subsequent process. Thus, for the real scene, the assigned data are found and then referred to LUT to find all the corresponding setup data needed for it.
The last stage is Segmentation which is the partitioning of an image into meaningful regions, most frequently to distinguish objects or regions of interest from everything else. [16] There are different segmentation methods. Thresholding methods, such as global thresholding, multiple thresholding, variable thresholding and multivariable thresholding were among the popular methods. As user interaction is not wanted in this part, some MATLAB functions are used based on the recent methods; these are mixed to automatically find the threshold level [18] .
Smoothing and filling holes and avoiding near boundary pixels need some sort of Mathematics known as mathematical morphology. It is a tool for extracting image components that are useful in the representation and description of region shape. [18] The basic binary morphological operations can be extended to use with greyscale images; the results of such operations are greyscale images. As in the case of the current study, the basic operations were combined to enhance the images. All these combinations were based on the set theory, whereby the images were assumed as the selected set of data.
IV. RESULTS
Looking at the phantom images for different frequencies, it is obviously seen that a part of the images is rather dark or unclear, except for the lowest frequencies in range. Working on the high resolution machines with deep images, i.e. 100mm for the applied phantom, may increase processing time. Now, machine manufacturers improve their machines every day by expanding their bitmaps and increasing colour or greyscale combinations for each pixel as much as possible. These entire factors must be taken into account so as to avoid processing time in relation to unused or unclear images. Processing time was reduced by finding actual image depth for each machine in different cases based on desired parameters. Results showed that for low frequencies with maximum depth, an average of 36.5% of image depth was not usable. This value for high frequencies was about 48.7% (Table I) . Cutting these parts from original ultrasound images will decrease processed matrix size which is consequently reduced processing time.
A routine to extract cystic mass of an ultrasound phantom image was introduced. This procedure can improve SNR of the input image. [19] Proposed work was run over different images from six different machines in a variety of states regarding desired parameters such as: probe, mode, frequency and contrast. Results for selected images were put on tables based on mass type. The worst case in Ultrasound Phantom images was low frequency that maximum number of masses was detected. So the result for this state is shown in Fig. 2 . All the masses have round shape and clear border as defined earlier for cystic mass characteristics. This procedure can also be used for abnormal cystic mass extraction.
A Receiver Operating Curve analysis was done using MedCalc Ver. 12. Two experienced radiologists evaluated output images and their marks were considered as classification parameter. Resulting ROC is shown in Fig. 3 . A sensitivity of 99% and an accuracy of 98% showed that degree of accuracy for proposed work is quite acceptable. .
V. CONCLUSION
Using phantom images to enhance interpretation of ultrasound images is a goal of this work. Results presented in previous section showed this work can improve processing time by fixing image depth based on frequency which is done by decreasing processed matrix size by about 50%. Outputs from different phantom image scene, based on variation in frequency, contrast, transducers and mode of operation, made a clear viewpoint to effect of each parameter in ultrasound image. Comparing final output of this work with radiologist idea about type of observed masses showed a good performance for proposed routine. 
